Background: Adaptive sports programs are increasing across the country and there is a paucity of research investigating the epidemiology and sports injury risk factors in non-elite athletes. Objective: To assess the demographics, training regime, and injuries incurred by adaptive athletes participating in local adaptive sports clubs and to assess the athletes' type of medical care and prevalence of those with spasticity. Design: Descriptive cross-sectional study. Setting: Local area adaptive sports teams and programs. Participants: Sixty-one athletes participating in wheelchair basketball, wheelchair rugby, sled hockey, and adaptive rowing were surveyed, with a response rate of 70.5%. Interventions: Completion of self-report survey. Outcome: Report of injury prevalence, injury characteristics, type of medical care, and assessment of frequency and severity of spasticity using the Penn Spasm Frequency Scale. Results: Most athletes (86%) trained or competed in their main sport 9-12 months per year. Most athletes (79.1%) trained at least 4 hours per week. In the past 12 months, 39.5% of athletes surveyed sustained an injury that required them to miss practice or a competition, with 58.8% of these athletes having sustained a significant injury. Many of those injured (64.7%) had never participated in an injury prevention or conditioning program. Injury prevalence by sport was 42.9% in wheelchair rugby, 60% in sled hockey, 44% wheelchair basketball, and 0% in adaptive rowing. The most commonly injured body parts were the shoulder (52.9%) and wrist (52.9%).
Introduction
Adaptive sports, from recreational to Paralympic level competition, have seen a significant growth in participation and popularity in recent years. An important advancement from this movement is the promotion of health, wellness, and self-worth in all people with an impairment [1, 2] . With this increased popularity, there has been a dramatic increase in the level of competition by athletes participating at the Paralympic Games [1] . In addition, there is a growing need for understanding injuries and illnesses that occur in adaptive athletes.
Sports participation is associated with a risk of injury and illness that can have long-term effects [3, 4] . Although there has been much research regarding epidemiology and injury risk factors in able-bodied athletes, there has been a relative dearth in equivalent research in the adaptive athlete population. Prior reports have shown it is more difficult to study this population [5, 6] . Investigating the risk of injury in a particular adaptive sport is difficult because there are athletes participating with various impairments and classifications [5, 6] . In addition, patterns of sportsrelated injuries and illnesses differ in some ways from those of able-bodied athletes, because the injury or illness could, in some cases, be the sequelae of the athlete's impairment [7] .
Spasticity also is a very common and unique finding in many adaptive athletes compared with able-bodied athletes. Spasticity is caused by an upper motor neuron lesion that leads to a velocity-dependent increase of muscle tone. This can lead to dysfunctional movement of the affected limb(s) owing to muscle strength imbalance between agonist and antagonist muscles [8] . Muscle strength imbalance is a known risk factor for developing injury in many sports [9, 10] . Given its uniqueness and likely high prevalence in the adaptive sports population, it warrants further evaluation as a potential injury risk factor. There have been no known studies to date looking at prevalence and severity of spasticity in adaptive athletes and whether it could be a risk factor for injury. There also have been many changes to adaptive sports over the years (ie, technology, training regimes, and equipment); therefore, comparisons of injury patterns seen 20-30 years ago and those seen currently might not be appropriate.
Prior research has indicated that injury rates in Paralympic sports are high, with a possible trend toward more injuries compared with sports for able-bodied athletes [11] [12] [13] [14] [15] . Most of the current literature has focused on tracking injury epidemiology in elite athletes at the Paralympic Games [12] [13] [14] [15] [16] [17] [18] [19] . Derman et al [12] showed that winter Paralympic athletes report higher injury incidence rates compared with Olympic athletes at similar competitions. With the increasing popularity and competitiveness of adaptive sports, more individuals with impairment are participating at a younger age. To our knowledge, there are no studies evaluating the epidemiology and injury risk factors focusing on non-elite adaptive sports athletes.
Often, local adaptive sports teams are created by nonprofit organizations, with athletes competing at the recreational or club level. These teams rely on coaches, parents, and volunteers for training recommendations and medical advice. These patients also are often more likely to be seen in the standard clinic setting. It is important for fellow physiatrists to be aware of common injuries that can be seen in this population to provide appropriate counseling and advice. Elite athletes might have better access to more knowledgeable coaches, injury prevention programs, and medical care. It is important to understand what types of injuries and possible injury risk factors are occurring in the non-elite athlete population to help these athletes stay active in their sport given the proven positive impact sport has on those with impairments [2, [20] [21] [22] [23] [24] .
This descriptive study is the first known study to specifically investigate the non-elite adaptive athlete population. The primary objective was to assess the demographics, training regime, and injuries incurred by adaptive athletes participating on local adaptive sports teams. Secondary objectives included assessing athletes' access to medical care and prevalence of those with spasticity.
Methods
This is a retrospective survey and was approved by the institutional review board of the University of Washington in Seattle. Adaptive athletes from local adaptive sports teams (wheelchair basketball, sled hockey, wheelchair rugby, and adaptive rowing) were approached from June through December 2016 to fill out a survey (Appendix 1). Surveys were distributed directly to teams through an online link or collected in person at the local wheelchair basketball tournament. Every athlete (including men and women) on each of the respective teams was approached (N = 61). Inclusion criteria were athletes participating in club adaptive sports in the local area and athletes older than 13 years. The first part of the questionnaire included demographic variables such as age, gender, type and cause of disability, sports participation history, and training status. The second part of the survey evaluated athletes' experience with spasticity and self-reported severity and frequency generally every day using the Penn Spasm Frequency Scale. The Penn Spasm Frequency Scale is an established self-report measure to assess a patient's perception of spasticity frequency and severity [25] . The third part of the questionnaire assessed sports-related injuries experienced within the past 12 months. Athletic injury was defined as "an injury while playing an adaptive sport that required you to sit out of a practice or a game." Severity of injury was defined by time loss definitions used by the National Athletic Injury Reporting System (NAIRS) [26] . A minor injury was defined as a time loss no longer than 7 days from practice or competition and a significant injury was defined as time loss of at least 7 days from practice or competition. Subjects were asked to report the site of injury and had the option to write in a diagnosis, if known. Questions regarding type of medical care were included. No difficulties were encountered with adaptive athletes in completing surveys fully and appropriately. Assistance was offered to all participants. Of note, all tetraplegic patients elected to complete their survey online.
Results
Of the 61 total athletes approached, 43 athletes responded (70.5% response rate). Table 2 presents the injury prevalence and severity by sport and access to medical care. In the past 12 months, 39.5% of athletes reported an injury that required them to miss practice or a competition while playing an adaptive sport. Injury prevalence for each sport included sled hockey (50%), wheelchair basketball (44%), wheelchair rugby (42.9%), and adaptive rowing (0%). Of injured athletes, most sustained 1-2 minor injuries (58.8%) and/or 1-2 significant injuries (52.9%) within the past 12 months. Most athletes (64.7%) stated they were not engaged in any conditioning or injury prevention exercises before injury. In regard to medical care, 23.5% of those injured did not seek medical care, with 25% of these stating that they did not know what type of practitioner to seek for care. Table 3 presents the most commonly injured body parts by sport. Most injuries occurred to the wrist (52.9%) and shoulder (52.9%). Percentages listed refer to percentages of athletes in each sport who sustained an injury to each specific body part. Multiple athletes reported multiple injuries. If an athlete was injured multiple times in a year at the same site, then it was counted only once. The most commonly injured body part by sport included the shoulder in sled hockey (66.7%), the wrist in wheelchair basketball (54.5%), and the shoulder in wheelchair rugby (100%). The most commonly written-in injury diagnoses included rotator cuff injury (n = 4), sprained wrist (n = 5), broken fingers (n = 2), and concussion (n = 2). Table 4 presents the prevalence, frequency, and severity of spasticity by sport. Almost half the athletes (41.9%) surveyed had spasticity. The most common diagnosis of those who had spasticity was spinal cord injury (83.3%). Prevalence of spasticity by sport included adaptive rowing (80%), sled hockey (16.7%), wheelchair basketball (24%), and wheelchair rugby (100%). According to the Penn Spasm Frequency Scale, 33.3% reported mild spasms induced by stimulation, 44.4% reported infrequent full spasms occurring less than once per hour, and 22.2% reported spasms occurring more than once per hour. According to the Penn Spasm Severity Scale, athletes reported their spasm severity as mild (55.6%), moderate (38.9%), and severe (5.5%). Of the 18 athletes with spasticity, 38.8% reported sustaining an injury. In comparison, of the 25 athletes without spasticity, 32% reported sustaining an injury within the past 12 months. Prevalence of injury by sport in those with spasticity included wheelchair basketball (50%), quad rugby (43%), sled hockey (100%), and adaptive rowing (0%). Prevalence of injury by sport in those without spasticity included wheelchair basketball (42%), quad rugby (0%), sled hockey (40%), and adaptive rowing (0%). 
Discussion
This is the first study to evaluate demographics, injury characteristics, and type of medical care in the non-elite adaptive athlete population because most of the current literature focuses on the elite athlete population (ie, Paralympians). It is important to note that the injury profile of the Rio 2016 Summer Paralympic Games and the Sochi 2014 Winter Paralympic Games found that the overall injury rate of elite adaptive athletes (multiple sports) was 10.0-26.5 injuries per 1000 athlete-days [12, 15] . In comparison, the overall injury rate of elite able-bodied athletes was 5.7-7.8 injuries per 1000 athlete-days in the data published from the most recent Rio de Janeiro 2016 Summer Olympic Games and Sochi 2014 Winter Olympic Games [27, 28] . Although we cannot make a direct comparison of these injury rates with our present data (given the difference in methodology), it is important to note that there are reported higher incidences of injury in elite adaptive athletes compared with elite able-bodied athletes [12, 15, 23, 24] . This highlights the continued importance of research looking at injury characteristics and risk factors within the adaptive sports population.
Our report also includes several adaptive sports that have been less well studied even at the elite level. Sports most commonly studied in the literature include wheelchair basketball, track and field, swimming, and wheelchair racing [29] [30] [31] . There have been very few studies investigating injuries incurred in adaptive rowing, wheelchair rugby, and sled hockey [14, 16, 17, 32] . Although there are several prior studies involving wheelchair basketball athletes [14, 30, [32] [33] [34] [35] [36] , most studies have focused on elite-level athletes with some not stating the level of athlete competition. Moreover, there is limited literature investigating injuries incurred by the pediatric adaptive athlete population [29] . Our study includes data on all these less-studied populations. We noted that most athletes surveyed in the adaptive rowing, sled hockey, and wheelchair rugby groups were at least 30 years old, which contrasted to the wheelchair basketball group. Although there are fewer studies on these athletes in the current literature, we found that wheelchair rugby athletes and sled hockey athletes had a similar injury prevalence to wheelchair basketball athletes. We found that none of those participating in adaptive rowing sustained any injury, suggesting that it might be a safer sport to participate in (although the conclusion is limited owing to the low power of the study). The only team that included data on the pediatric (<18 years old) population was the wheelchair basketball team. Of the 12 pediatric adaptive athlete participants, 25% reported having sustained an injury. Our report shows many similar results to prior studies of elite adaptive athletes. These similarities include most surveyed athletes being male and having a diagnosis of spinal cord injury. Prior studies have shown that elite wheelchair athletes train an average of 8 hours per week [32, 37] , although this number is likely not current because these studies were completed more than 20 years ago. Our report shows that almost half the nonelite athlete population is potentially training similar hours to what elite athletes have been reported to be training and could be at higher risk to developing injuries if not properly coached or trained. There also could be a trend for increased training hours in the elite and nonelite adaptive sports athletes as these sports become more competitive and popular. A study by Curtis and Dillon [35] found that significantly more reported injuries were associated with increased sports participation and with a large number of training hours per week. We also found that only 35.3% of our athletes were involved in an injury prevention program, suggesting further education to coaches and parents of these athletes could be helpful in preventing future injury.
Our report shows that almost half the athletes involved in sled hockey (50%), wheelchair basketball (44%), and wheelchair rugby (42.9%) sustained an injury within the past 12 months, whereas none of the adaptive rowers (n = 5) were injured during that timeframe. Most injuries occurred in the upper limb, with the highest rate in the shoulder (52.9%) and wrist (52.9%), similar to what other studies have found in elite athletes [31, 34, 38, 39] . In our study of amateur adaptive athletes, when comparing injury sites with specific sports, wheelchair basketball athletes most commonly injured the wrist and wheelchair rugby and sled hockey athletes more commonly injured the shoulder. When looking at body parts injured by severity (according to time loss), the most common site injured for minor injuries was the wrist, and the most common site injured for significant injuries was the shoulder. Realizing that almost half the athletes (48.8%) use a manual wheelchair for mobility, shoulder and wrist injuries can be quite disabling to everyday function and mobility. This also could have an impact long term and could be predictive of chronic shoulder or wrist pain and the ability to use a manual wheelchair for ambulation. Future longitudinal studies are needed to evaluate this further.
Our study also is the first to quantify the prevalence of spasticity in any adaptive sports team. Spasticity is unique to many of these athletes (ie, spinal cord injury, traumatic brain injury, cerebral palsy). Our study shows that almost half the athletes (41.9%) managed spasticity of mild to moderate severity. Most of those who had spasticity had a spinal cord injury. Most athletes in adaptive rowing and wheelchair rugby reported spasticity. Our data show that of the athletes surveyed, those with spasticity had a very similar injury proportion as those who did not have spasticity. Given its uniqueness to this population, it is important to determine whether spasticity plays any role in injury risk. Future studies are clearly necessary to elucidate the role spasticity plays in injury risk and sports performance. To our knowledge, there have been only a few other studies that have looked at types of medical providers sought by adaptive athletes and all were performed more than 20 years ago. Ferrara and Davis [31] found that athletes went to their primary care physician (37%), physical therapist (26%), athletic trainer (15%), and no professional assistance (12.2%) to seek assistance for their sports injuries. McCormack et al [32] found that 30.8% of their population of wheelchair athletes sought medical advice for sports injuries. Ferrara and Buckley [39] found that 15% of self-reported moderate and major injuries were not medically evaluated by a health care professional, raising a concern about appropriate access to medical care for these athletes. Our study showed more athletes seeking specialist physician (ie, physiatrists and orthopedic surgeons) consultation for sports-related injuries than previous studies. We also found that over half these athletes sought care from multiple providers and 23.5% did not seek any medical care. Of athletes who did not seek medical care, 25% did not because they did not know who to see (Table 2 ). This is an area of future study because this amateur population might not have the guidance and resources to direct appropriate treatment for sports-related injuries that elite athletes might have. In addition, these athletes are more likely to see a physiatrist in the community for their care. Hence, it is very important for other physiatrists to know about potential injury characteristics and risk factors in addition to the benefit of participation in adaptive sports to be able to give the best care to their patients.
The first limitation of this study is its small sample, although we did have a 70.5% response rate. The second limitation is the retrospective nature and use of athletes' self-reports of injuries, which has the inherent limitation of recall bias. A third limitation is that our surveyed athletes were solely from the local area; thus, it might not be generalizable. In addition, the population studied was predominantly male, so the results are not generalizable to female adaptive athletes. A fourth limitation is that exposure data were not used in this study, which would have been helpful to compare with prior studies performed of the elite adaptive athlete population. A fifth limitation included the significant heterogeneity of the population studied, so it is difficult to compare groups well. A sixth limitation is that the survey used was not validated in other studies. Future studies to address these limitations include a prospective study following multiple teams or players of each sport across the United States over a multiyear period and tracking injuries that occur.
Conclusions
This study is the first to look at demographics and injury burden specifically in non-elite adaptive athletes. As adaptive sports continue to gain in popularity and increase in competitiveness, non-elite adaptive sports clubs are growing and many of their athletes train similar hours and sustain similar types of injuries to what is reported in the literature of elite adaptive athletes. Further prospective studies with larger samples are needed to evaluate injury risk factors by sport and impairment to gather more data to determine best injury prevention strategies. In addition, given the uniqueness and prevalence of spasticity within this population, further research will be needed to determine whether it has any impact on injury risk or sports performance. Further, this study brings up the necessity for future studies on medical access for this population of athletes, especially because many might not be as familiar with the complications that can arise given their underlying diagnoses.
